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ABSTRACT 
A direct expansion creel survey of the early-run Russian River recreational fishery was conducted in 1996 to 
determine angler effort for and harvest of sockeye salmon Oncorhynchus nerka.  Anglers expended 225,457 angler-
hours to harvest 75,203 sockeye salmon from the early run (11 June-20 July).  The harvest rate for the early run was 
0.334 sockeye salmon per hour of angler effort.  Approximately 80% of the effort and 77% of the harvest during the 
early run was taken from the confluence area of the fishery. 

A total of 52,905 sockeye salmon bound for spawning areas within the Russian River system were counted through 
the weir at the outlet of Lower Russian Lake during the early run.  This escapement exceeded the Board of Fisheries 
mandated escapement goal of 16,000 fish. 

Estimates of the age composition of the total early-run return (harvest plus escapement) indicate that the return 
comprised primarily age-2.3, age-2.2 and age-1.3 sockeye salmon (56%, 29% and 15%, respectively).  Both the 
sport harvest and the total return for the early run were larger than the historical mean for 1976-1995. 

Key words: Russian River, sockeye salmon, Oncorhynchus nerka, creel survey, direct expansion, harvest, effort, 
weir, escapement, age composition, recreational fishery, harvest rate. 

INTRODUCTION 
The Russian River is a clearwater stream 
located in the central Kenai Peninsula near 
Cooper Landing, Alaska.  The drainage 
includes two large clearwater lakes, Upper 
and Lower Russian lakes, and terminates in 
the Kenai River approximately midway 
between Kenai and Skilak lakes (Figure 1).  
One of the largest recreational fisheries for 
sockeye salmon Oncorhynchus nerka in 
Alaska occurs in the Russian River and at its 
confluence with the Kenai River.  Annual 
effort by anglers in this fishery has exceeded 
450,000 angler-hours and annual harvests 
have exceeded 190,000 fish.  Prior 
information pertaining to this fishery has been 
presented by Lawler (1963, 1964), Engel 
(1965-1972), Nelson (1973-1985), Nelson et 
al. (1986), Athons and McBride (1987), 
Hammarstrom and Athons (1988, 1989), 
Carlon and Vincent-Lang (1990), Carlon et al. 
(1991), and Marsh (1992-1996). 

Sockeye salmon return to the Russian River in 
two temporal components, termed early and 
late runs.  Historically, the total return during 
the early run has averaged approximately one-
half that of the total return during the late run.  
The early run typically arrives at the 
confluence of the Russian and Kenai rivers in 

early June.  Early-run fish typically remain in 
the confluence area for up to 2 weeks before 
continuing their upstream migration.  By mid 
July, these fish will have migrated through the 
Russian River and into Upper Russian Lake.  
The early run spawns almost exclusively in 
Upper Russian Creek (Nelson 1973, 1974) 
and comprises primarily 3-ocean fish (Nelson 
1973-1985, Nelson et al. 1986, Athons and 
McBride 1987, Hammarstrom and Athons 
1988 and 1989, Carlon and Vincent-Lang 
1990, Carlon et al. 1991, Marsh 1992-1996). 

The early run of sockeye salmon bound for 
the Russian River is utilized predominantly by 
the recreational fishery.  The run migrates 
through the waters of Cook Inlet prior to the 
opening of the commercial fishery which 
would intercept the stock.  Numerically, this 
stock is much smaller than the later arriving 
Kenai River mainstem stocks, which include 
the late-run Russian River sockeye salmon.  
The early-run fish tend to migrate rapidly 
through the Kenai River which therefore 
minimizes the possibility for harvest in the 
mainstem Kenai River.  As such, all 
management decisions regarding harvest and 
stock conservation issues for the early run are 
focused upon the confluence area of the Kenai 
and Russian rivers and a short stretch of the 
mainstem Russian River. 
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The Division of Sport Fish of the Department 
of Fish and Game manages the recreational 
fishery to ensure that a minimum number of 
spawning sockeye salmon from each run 
passes through a weir at the outlet of Lower 
Russian Lake (Figure 2).  The current 
escapement goal for the early run is 16,000 
fish.  This goal is based upon evaluation of 
returns from past brood years.  With the 
exception of 1989, the escapement goal has 
been achieved each year since the goals were 
formally adopted in 1979.  Despite an 
emergency closure of the early-run fishery in 
1989 (1 July through  15 July), the early-run 
escapement goal was not achieved (Carlon 
and Vincent-Lang 1990). 

Given that the recreational fishery for sockeye 
salmon at the Russian River is one of the 
largest in the state in terms of angler effort, 

there is a potential for overharvest.  Precise 
and timely management decisions are required 
to ensure that adequate spawning escapement 
is obtained.  The data necessary for these 
decisions are provided by a creel survey and 
an escapement counting weir.  The creel 
survey provides data regarding angler effort 
and harvest from the recreational fishery 
which occurs in the Kenai/Russian River "fly-
fishing-only" area (Figure 2) and in a short 
stretch, approximately 4.2 km (2.5 miles), of 
the mainstem Russian River.  Weir operations 
provide daily escapement information.  
Estimates of the total inriver return (harvest 
plus escapement) and the age, sex, and size 
compositions of the return provide necessary 
information to evaluate production and to 
estimate optimum spawning escapement 
levels. 

 
Figure 1.-Map of the Kenai and Russian River drainages. 
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From 11 June through 20 August 1996, the 
daily bag and possession limit for sockeye 
salmon taken from the Kenai/Russian River 
"fly-fishing-only" area was three fish of 406 
mm (16 in) or more in length.  Within this 
area, from a marker located 540 m (600 yd) 
downstream from the Russian River falls to a 
marker located on the Kenai River 1,620 m 
(1,800 yd) downstream from the confluence 
with the Russian River, only a single-hook 
unbaited, unweighted fly with a point-to-
shank measurement of 9.5 mm (3/8 in) or less 
constituted legal terminal tackle.  Any weights 
attached to the line were required to be a 
minimum of 457 mm (18 in) above the hook.  
Within this "fly-fishing-only" area, there is a 
sanctuary area which begins in the Russian 
River 137 m (150 yd) upstream of the 
confluence with the Kenai River and extends 
downstream to a marker placed approximately 
25 m (75 ft) downstream of the ferry cable 
(approximately 640 m).  This area is closed to 
all fishing from 1 June to 15 July by 
regulation. 

The objectives of this report are to present for 
1996:  (1) estimates of effort and harvest of 
early-run sockeye salmon for the Russian 
River recreational fishery, (2) estimates of the 
escapement of the early run of sockeye 
salmon, and (3) estimates of the age, sex, and 
length distributions of the harvest and 
escapement of the early run of sockeye 
salmon. 

METHODS 
STUDY AREA 
The recreational fishery occurs in two areas 
(Figure 3):  (1) the confluence area, which 
extends from the upper limit marker of the 
sanctuary area downstream approximately 1.6 
km to a marker on the Kenai River identifying 
the downstream limit of the "fly-fishing-only" 
area; and (2) the river area, which extends  
 

from the upper limit of the sanctuary area 
upstream approximately 3.2 km on the 
Russian River to a marker identifying the 
upper limit of the "fly-fishing-only" area. 

Primary access to the confluence and river 
fishing areas is provided at two locations.  
The United States Forest Service (USFS) 
campground located on the east side of the 
Russian River provides four short trails which 
intersect the main riverside trail affording 
access to the river area.  These trails serve 
four camping/parking areas within the 
Russian River Campground.  These areas are 
designated with the following names (Figure 
3):  (1) Grayling, (2) Rainbow Trout, (3) Pink 
Salmon, and (4) Red Salmon.  Primary access 
to the confluence area of the Kenai and 
Russian rivers is through a parking and 
campground area administered by the United 
States Fish and Wildlife Service (USFWS) 
and located on the north bank of the Kenai 
River directly across from the Russian River 
confluence.  Immediately adjacent to the 
USFWS parking area is a cable ferry which 
traverses the Kenai River.  Most anglers 
fishing the confluence area use the ferry to 
reach the south bank of the Kenai River.  Both 
the parking area and the ferry are operated 
privately under a concession administered by 
the USFWS.  Some anglers also use the ferry 
to cross the Kenai River and then walk 
upstream to fish the Russian River area, while 
other anglers use the USFS campground trails 
to gain access to the confluence area. 

A stationary weir, constructed of metal and 
wood, is located just downstream from the 
outlet of Lower Russian Lake and 
approximately 360 m (400 yd) upstream from 
the Russian River falls.  The weir has been 
described in detail by Nelson (1976) and 
provides a complete count of the early-run 
spawning escapement. 
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STUDY DESIGN 
Creel Survey 
Inseason management of the sport fishery 
during the past six seasons has utilized the 
daily harvest rates in conjunction with the 
current estimated total harvest to track 
abundance as well as the harvest potential of 
the recreational fishery.  These estimates, 
when used in conjunction with the migratory 
timing statistics from the historical weir 
counts, have allowed fishery managers to 
project the final escapement by accounting for 
the potential harvest while charting the 
escapement based upon past returns (Vincent-
Lang and Carlon 1991). 

A direct expansion creel survey was utilized 
during the 1996 season.  The 1996 season was 
the seventh year that the direct expansion 
survey design has been applied to the Russian 
River sockeye salmon sport fishery.  Previous 
concerns with biased harvest and effort 
estimates (Carlon and Vincent-Lang 1990) 
obtained with a stratified roving creel design 
(Neuhold and Lu 1957) necessitated a change 
in creel design beginning with the 1990 
season. 

Sampling was stratified by access location to 
estimate harvest and effort for anglers exiting 
the fishery at each of three sampled access 
locations.  The temporal stratification used to 
estimate harvest and effort corresponded with 
the temporal strata for biological sampling of 
the confluence and river recreational harvest.  
Differences in age composition of the 
recreational harvest and the spawning 
escapement over time was evidenced in the 
three sampled areas of the fishery; the 
confluence, the river and the weir.  Therefore, 
the data were poststratified by time.  A survey 
stratum was thus defined as an access 
location/temporal component combination.  
The sampled locations included the ferry 
access to the confluence area and two river 
trails from the Grayling and Pink Salmon 

parking areas.  These locations were sampled 
over two temporal components:  from 11 June 
to 29 June and from 30 June to 20 July.  Area-
specific (river or confluence-area) harvest and 
effort were estimated for each stratum by 
recording the area fished for each interviewed 
angler. 

The creel survey sampling day was 18 hours 
in length (0600 to 2400 hours) and was 
divided into six, 3-hour periods.  A three-
stage sampling design was used with days as 
primary units, periods as secondary units, and 
anglers as tertiary units.  Days were 
systematically sampled, and within each 
sampled day, two 3-hour periods were 
randomly selected from the six possible 
periods.  During each sampled period, anglers 
were interviewed as they exited the fishery 
through a sampled location.  Thus, all 
interviews were of completed-trip anglers.  
All anglers exiting an access location during a 
sampled period were counted and as many as 
possible were interviewed for harvest and 
effort data by area fished (river or confluence 
area).  Anglers exiting a location during a 
sampled period and not interviewed were 
prorated as river or confluence anglers based 
on proportions determined from anglers that 
were interviewed.  Count and interview data 
were then expanded for each stratum to 
account for area-specific harvest and effort 
during periods and days that were not 
sampled. 

During the years 1990 through 1992, 
approximately two-thirds of the harvest and 
effort occurred in the confluence area (Carlon 
et al. 1991, Marsh 1992-1993).  Historically, 
this has been typical of the early-run sport 
fishery in most years (Nelson et al. 1986).  As 
a result of this concentration of harvest and 
effort, and because harvest rate (harvest per 
hour) is used as a management tool to index 
sockeye salmon abundance at the confluence, 
the confluence access location (the ferry) was 
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sampled every other day throughout the early 
run.  This ensured that timely information 
regarding confluence harvest rates was 
available when formulating inseason manage-
ment strategies. 

Creel survey results from the 1990 and 1991 
seasons indicated that angler use patterns 
differed among the access locations to the 
sport fishery as well (Carlon et al. 1991, 
Marsh 1992).  Three access locations, the 
ferry, Grayling  and Pink Salmon, represented 
more than 90% of the total effort and more 
than 90% of the total harvest during the 
annual sport fishery.  These locations also 
contributed approximately 90% of the total 
variance for both the harvest and effort 
estimates.  Therefore, to better utilize creel 
survey personnel and improve the precision of 
the estimates of harvest and effort from the 
remaining access locations, Rainbow and Red 
Salmon were dropped from the sampling 
schedule beginning with the 1992 season.  
This sampling regime was continued during 
the 1996 season. 

Estimates of effort, harvest, and their 
variances for the early run in 1990-1995 were 
used to optimally allocate the number of 
sampling days among the river access 
locations (Cochran 1977).  In 1996, the ferry 
was sampled every other day, while Grayling 
was sampled approximately every 2 days and 
Pink Salmon sampled approximately every 3 
days. 

Angler effort and harvest were estimated for a 
stratified, three-stage (day/period/angler) 
direct expansion creel survey (Bernard et al. 
In prep).  Total effort, harvest, and their 
variances were estimated for the entire run by 
summing the stratum (access location) 
estimates.  In addition, the estimates were 
post-stratified by area fished (river or 
confluence) and by temporal strata within the 
run. 

At access location k on day i during sample 
period j, mkij represents those completed-trip 
anglers interviewed as they exited through 
location k and akij represents those anglers that 
exited and were counted but were not inter-
viewed.  Interviewed anglers were assigned to 
one of three groups: 

m1kij = anglers that fished the river area 
only, 

m2kij = anglers that fished the confluence 
area only, or  

m3kij = anglers that fished both areas, and 
.mmmm kij3kij2kij1kij ���  (1)

Area-specific harvest of missed anglers (akij) 
was prorated based on information obtained in 
interviews.  The proportion of missed anglers 
that fished the river was estimated as: 

,
m
m

P̂
kij

rkij
rkij �  (2)

where: 

mrkij = the number of interviewed anglers 
fishing the river, 

 = m1kij + m3kij . 

The number of missed anglers prorated as 
fishing the river ( rkijâ ) was estimated as: 

.P̂aâ rkijkijrkij �  (3) 

The total number of anglers fishing the river 
area and exiting the fishery at location k on 
day i during sample period j was estimated as: 

.âmM̂ rkijrkijrkij ��  (4)

The same procedure was used to prorate the 
missed anglers who fished the confluence 
area: 

.âmM̂ ckijckijckij ��  (5)

The mean river-area harvest per interviewed 
angler was estimated as: 
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m

h
h

rkij

m

1i
rkijl

rkij

rkij
�
�

� , 

 

(6)

where: 
hrkijl  = the river-area harvest of angler l at 

location k on day i during sample 
period j. 

The variance of river-area harvest among 
interviewed anglers was estimated assuming a 
normal variate as: 

� �
� �

.
1mrkij

hh

rkijhVar

rkijm

1i

2
rkijrkijl

�

�

�

�
�

 

 

(7)

The total river-area harvest of anglers exiting 
through access location k on day i during 
sample period j was estimated as: 

.hrkijM̂rkijĤrkij �  (8)

The mean river-area harvest per period was 
then estimated for location k on day i as: 

,
u

Ĥ

H rki
ki

u

1j
rkij

ki
�
�

�  

 

(9)

where: 

uki = the number of sample periods on 
day i (uki = 2), 

and the variance among sample periods was 
estimated as: 

� �
� �

.
1u

u

1j

2
H rkirkijĤ

rkiHVar
ki

ki

�

�

�

�

�  

 

(10)

The total river-area harvest of anglers exiting 
through access location k on day i was 
estimated by expanding the mean river-area 
harvest per period on day i by: 

,HU rkiĤrki ki�  (11)

where: 

Uki = the total number of periods on a day 
(Uki = 6). 

The mean river-area harvest per day was 
estimated at location k as: 

,
d

d

1i
rkiĤ

H rk
k

k
�

�
�  

 

(12)

where: 

dk = the number of days sampled. 

The variance of river-area harvest among days 
at location k was estimated using the variance 
for a systematic sample as: 

� �
� �

� �
.

1d2

d

2i

2
ĤĤ

rkHVar
k

k
)1i(rkrki

�

�

�

�

�

�  

 

(13)

The total river-area harvest at location k was 
estimated by expanding the mean harvest per 
day by: 

,HD rkĤ rk k�  (14)

where: 

Dk = the total number of days during the 
run. 

The variance of the total river-area harvest at 
location k was estimated as: 
 

� ��rkĤVar  � �
� �

��

k

2
k d

rkHVar
Df11  

 

 

 
� �

� �
�

�

�
�

k

k
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ki
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u

2U
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� �

� �
�
�

�
�

�
k ki

kik
ki

d
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,

rkijmud
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f 31M2
rkijUDk

 

 

(15) 
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where: 

Dk = the total number of sampling days at 
location k during the run, 

f1 = the finite population correction 
factor for days (dk/Dk), 

f2 = the finite population correction 
factor for periods (uki/Uki), and 

f3 = the finite population correction 
factor for anglers (mrkij/Mrkij). 

These procedures (Equations 2 through 15) 
were also used to estimate the confluence-area 
harvest of anglers exiting through each access 
location.  Likewise, the same procedures were 
used to estimate effort (in angler-hours) 
expended in the river area and the confluence 
area by substituting the area-specific hours of 
effort reported by interviewed anglers for the 
reported harvest in Equations 2 through 15. 

Total harvest and effort were estimated for the 
run by summing the individual stratum 
estimates.  The variances of the total estimates 
were calculated as the sum of the variances of 
the individual stratum estimates. 

Daily harvest rates were estimated and used 
for inseason management as an indicator of 
sockeye salmon abundance.  Regardless of 
access location, the daily confluence-area 
harvest rate was based solely on confluence 
effort and the resultant harvest reported by 
interviewed anglers.  The mean daily harvest 
rate of the confluence area was estimated as: 

,
nc

cim

1l
cilHPUE

EUPH ci

�

�
�  

 

(16)

where: 

mci = number of interviewed anglers 
reporting confluence-area effort, 
and 

HPUEcl = confluence-area harvest per 
hour of effort for angler l. 

The variance of this estimate was calculated 
as: 

� �
� �

� �
.

1mcim

cn

1l

2
cEUPHclHPUE

ciEUPHVar
ci �

�

�

�

�
 

 

(17) 

The same procedure was used to estimate 
river-area harvest rates. 

The overall harvest rate for the early run 
provides a relative basis for comparing 
seasonal fishing success among years (Nelson 
1985, Hammarstrom and Athons 1988).  A 
harvest rate for the early run was estimated by 
dividing the total harvest estimate by the total 
effort estimate.  The associated variance was 
then calculated as the variance of a quotient of 
two random variables.  The same procedure 
was applied to estimate the harvest rate within 
each spatial component of the recreational 
fishery (confluence and river). 

Spawning Escapement 
The escapement of spawning sockeye salmon 
to the Russian River drainage was enumerated 
at the stationary weir at the outlet of Lower 
Russian Lake.  An adjustable gate system 
allowed fish to be passed individually and 
counted by the weir operator.  During the 
period of overlap of early and late runs (mid 
to late July), fish from each run were 
subjectively identified by degree of external 
sexual maturation (body color and kype 
development) and counted separately.  Early 
in each run, adults have not yet developed the 
red body coloration and green head with 
distended, hooked jaws characteristic of more 
sexually mature fish which pass through the 
weir later in each run.  Therefore, during the 
period of run overlap at the weir, the last of 
the early-run fish typically exhibit the reddish 
body coloration and green heads while the 
late-run fish have not yet developed these 
physical characteristics.  The period of 
overlap began on 16 July when late-run fish 
were intermixed with mature, early-run fish 
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and continued through 25 July, after which 
early-run fish were no longer present. 

Biological Data 
Six time and area strata within the Russian 
River sockeye salmon return were sampled for 
biological data to estimate the age, sex, and 
length composition of the early run (Table 1). 

 

Table 1.-Temporal components of the 
recreational harvest and escapement 
sampled for age composition during the 
1996 early-run Russian River sockeye 
salmon return. 

Return Temporal
Component Strata

 
Confluence-area harvest 6/11 - 6/29
 6/30 - 7/20
  
River-area harvest 6/11 - 6/29
 6/30 - 7/20
  
Escapement through weir 6/11 - 6/29
 6/30 - 7/20
  
 

The sampling strata corresponded to those for 
which harvest was estimated by the creel 
survey.  Schedules of each creel survey clerk 
allowed for biological sampling of the harvest 
at least part of each day that angler interviews 
were conducted.  In addition, several days of 
biological sampling without creel interviews 
were scheduled for one or both creel clerks 
when fishing effort and harvest were the 
greatest. 

Scales were collected from the preferred area 
of each sampled fish and placed on adhesive-
coated cards (Clutter and Whitesel 1956).  
The sex and length (measured from the mid-
eye to the fork-of-tail to the nearest 
millimeter) of each sampled fish were also 
determined and recorded.  Scale impressions 

were made in clear acetate and examined with 
a microfiche reader for aging.  The European 
method of age description was used to record 
ages: the numeral preceding the decimal 
represents the number of freshwater annuli 
and the numeral following the decimal 
represents the number of marine annuli.  Total 
age from brood is therefore the sum of the two 
numbers plus one. 

Age and sex composition of the run was 
estimated for each stratum.  The proportion of 
fish of age group g in stratum f was estimated 
as: 

,
nf

xgfp̂gf �  
(18)

where: 

xgf = the number of legible scales read 
from sockeye salmon sampled 
during stratum f and interpreted as 
age g, and 

nf = the total number of legible scales 
read from sockeye salmon sampled 
during stratum f. 

The variance of this proportion was estimated 
as (Scheaffer et al. 1979): 

� �
� �

.
1nf

p̂gf1gfp̂
gfp̂Var

�

�

�  
 

(19)

The age composition by sex of the harvest 
within each stratum was estimated by: 

,p̂gfĤfĤgf �  (20)

where: 

fĤ  = the estimated total harvest of 
sockeye salmon during stratum f. 

The variance of the age composition was 
estimated as the product of two independent 
random variables (Goodman 1960): 

� ��gfĤVar  � ��gfp̂Var2
fĤ   
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 � ��fĤVarp̂2
gf   

 � � � � ,fĤVargfp̂Var  (21) 

where: 

� �fĤVar  

 

= the variance of the harvest 
estimate during stratum f. 

Age composition of the total harvest from the 
confluence and total harvest from the river 
were estimated by sex by summing the age 
composition estimates among the temporal 
strata.  The total number of fish of age g in the 
harvest from the river was estimated as: 

�
�

�
t

1f
,ĤrgfĤrg  

(22)

where: 

t = the number of strata in the run. 

The variance of the estimate was calculated 
by summing the variances of the individual 
temporal stratum estimates as: 

� � � �.t

1f
rgfĤVarrgĤVar �

�

� . 
(23)

The proportion of sockeye salmon of age g in 
the total sport harvest from the river was 
estimated as: 

,
Ĥr

Ĥrgp̂rg �  
(24)

where: 

Ĥr  = the estimated total harvest of 
sockeye salmon from the river. 

The variance of this proportion was estimated 
as an approximation using the delta method 
(Seber 1982:7-8) as: 
 

� ��rgp̂Var  � �� �
�

�
�

�
�

� �

2
r

2
rg1rgr1r

2
r Ĥ

Ĥp̂ĤĤVar

Ĥ
1  

 

 
� � � � ,Ĥp̂VarĤp̂Var 2r2rg

2
1r1rg

�
�
�

��
�

�

�  
 

(25)

where: 

Ĥrf  and � �rfĤVar  = the estimates of harvest 
and variance of harvest from the river 
during temporal stratum f, 

p̂rgf  and � �rgfp̂Var  = the estimates of 

proportion and variance of proportion 
of fish of age g sampled from the 
harvest from the river during temporal 
stratum f, and 

Ĥrgf  =  the estimated harvest of fish of age g 
from the river during temporal stratum 
f. 

This proportion and its variance were 
estimated similarly for the harvest of sockeye 
salmon from the confluence.  Note that the 
value of temporal stratum f (= 1 or 2) appears 
in the equation (25). 

The number of sockeye salmon of age group g 
of stratum f in the escapement was estimated 
by sex using the estimates of the age group 
proportions defined previously: 

,p̂gfEfÊgf �  (26)

where: 

Ef = the total number of sockeye salmon 
enumerated during stratum f at the 
weir or spawning downstream from 
the falls. 

The variance of gfE�  was estimated as: 

� � � � .gfp̂VarE2
fgfÊVar �  (27)

The age composition of the entire escapement 
past the weir was estimated by summing the 
stratum estimates.  The total number of fish  
of age g migrating through the weir was 
estimated as: 
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.
t

1f
ÊgfÊg �

�

�  
(28)

Similarly, the variance was estimated as the 
sum of the variances as: 

� � .
t

1f
gfÊgÊVar �

�

�  
(29)

The proportion of sockeye salmon of age g in 
the total escapement migrating through the 
weir was estimated as: 

,
TE
gÊ

egp̂ �  (30)

where: 

ET = the total escapement enumerated at 
the weir. 

The variance of this proportion was estimated 
by: 

� �
� �

.2
TE

gÊVar
egp̂Var �  (31)

The total return, total return by age, and their 
respective variances were estimated by 
summing the estimates from the total harvest 
at the confluence and at the river, and from 
the escapement.  The proportion of sockeye 
salmon of age g in the total return was 
estimated as: 

,
TN̂
gN̂

gp̂ �  
(32)

where: 

N̂g  = the estimated total return of fish of 
age g, and 

N̂T  = the estimate of the total return. 

The variance of this proportion was estimated 
as an approximation using the delta method 
(Seber 1982:7-8) as: 

� ��gP̂Var  

� � � � � �� �
�
�

�
�

�
���

2
TN̂

2
ÊgrgĤErĤcgp̂cĤVar

N̂2
T

1

� � � � � �� �
N̂2

T

2
ÊgcgĤEcĤrgp̂rĤVar ���

�  

� � � �

� � ,2Eegp̂Var

Ĥ2
rrgp̂Var2

cĤcgp̂Var

�
�
�

��
�

�

�

��

 

 

 

(33) 

where: 

Ĥ�
 and � �

�
ĤVar  = the estimates of total 

harvest and variance of total harvest 
from the river (= r) or the confluence 
(= c), and 

p̂ g�  and � �gp̂Var
�

 = the estimates of 
proportion and variance of proportion 
of fish of age g from the total harvest 
from the river (= r) or the confluence, 
or from the escapement (= e). 

In prior years, the age composition of the 
early-run escapement was used to estimate the 
return by age for both the escapement and 
early-run harvest at both the confluence and 
river areas (Nelson et al. 1986, Carlon and 
Vincent-Lang 1990).  This assumed that the 
age composition of the escapement through 
the weir represented that of the river and 
confluence-area sport harvests.  This 
assumption was initially tested in both 1990 
and 1991.  Significant differences in age 
compositions were found among the three 
sampled areas during some of the temporal 
strata (Carlon et al. 1991, Marsh 1992).  Chi-
square tests were used to test the null 
hypotheses that the age distributions were 
equal among the three areas and between the 
two temporal strata.  The null hypothesis was 
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rejected if calculated tail-area probabilities 
were less than 0.05.  Failure to reject the null 
hypothesis would allow the age samples to be 
pooled to achieve a more precise estimate of 
the number of sockeye salmon by age in the 
harvest and escapement. 

Mean length at age was estimated for each 
temporal stratum within each of three spatial 
strata of the return:  the confluence-area 
harvest, the river harvest, and the weir 
escapement.  Associated variances were 
estimated using standard normal procedures.  
An analysis of variance (ANOVA) was used 
to determine if mean length at age differed by 
area, temporal strata, and sex.  This analysis 
was conducted for the predominant age 
groups (age-2.3, -1.3 and -2.2 fish).  This 
analysis was not conducted for age 1.2 due to 
insufficient samples. 

RESULTS 
CREEL STATISTICS 
Survey Interviews 
Sampling began on 11 June 1996 at the ferry 
access location and continued every other day 
through the end of the early run on 20 July 
1996.  The systematic sampling of the two 
Russian River Campground access locations 
began on 15 June, 4 days after sampling 
commenced at the ferry location.  Because 
early-run sockeye salmon typically hold in the 
confluence area before entering the Russian 
River, harvest and effort are considered 
negligible until approximately the third week 
in June.  Onsite observations and creel data 
indicated that during the 1996 early run, effort 
and the resulting harvest began significantly 
earlier than normal with notable catches 
evidenced on 13 June. 

A total of 7,121 anglers were enumerated as 
they exited sampled access locations during 
the 1996 early-run creel survey (Table 2).  Of  
 

these, 6,743 (95%) were interviewed and 378 
(5%) were not interviewed.  While the level of 
creel sampling remains similar to the first year 
(1990) that the 3-stage direct expansion 
survey was implemented (Carlon et al. 1991), 
the total number of interviews collected in 
1996 represents an 85% increase from 1995.  
Most of the interviews (73.0%) were made at 
the ferry access, as this location was sampled 
the most intensely.  This area typically 
accounts for most of the sport fishing effort 
(Appendix A1).  Anglers exiting via the ferry 
location tended to fish the confluence area 
(96%) (Appendix A2). 

Harvest and Effort 
Estimates of harvest, effort, and variances are 
presented by stratum (temporal period/access 
location) in Appendix A3.  By examining 
stratum estimates and the associated variance 
components by access location, it is possible 
to determine which access locations most 
affected the relative precision of early-run 
estimates of both harvest and effort (Table 3).  
Of the three access locations, (the ferry, 
Grayling, and Pink Salmon), the ferry 
accounted for most of the effort and harvest 
during the early run (59% and 62%, 
respectively).  The relative precisions of the 
early-run harvest and effort estimates were 
30% and 17%, respectively (Table 3).  The 
1996 early-run harvest estimate was 75,203 
(SE = 11,342) sockeye salmon (Table 4).  The 
effort estimate for the early run was 225,457 
(SE = 19,848) angler-hours.  During the early 
run, 77% of the harvest was taken from the 
confluence area and the remaining 23% was 
taken from the river area (Table 4 and Figure 
4). 

Harvest per hour of angler effort was 0.320 
fish (V = 0.0018) for the confluence area and 
0.386 (V = 0.0348) for the river area in 1996 
(Table 5). 
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Table 2.-Summary of the number of interviews collected during sampled periods for the 
early-run Russian River creel survey, 1996. 

Area  Fished Anglers  Exiting Total
Total and Not Anglers

Exit  Location Confluence River Both Interviews Interviewed Exiting

Ferry 4,687 181 50 4,918 312 5,230
Grayling 722 550 94 1,366 37 1,403
Pink Salmon 148 268 43 459 29 488

Total 5,557 999 187 6,743 378 7,121

 
 

 

 

 

Table 3.-Estimates of harvest, effort, and associated variances by access location for the 
early-run Russian River sockeye salmon recreational fishery, 1996. 

Access Variance of Relative Variance of Relative
Location Harvest (%) Harvest (%) Precisiona Effortb (%) Effort (%) Precisiona

Ferry 46,589 62 36,693,323 29 25% 133,684 59 120,993,506 31 16%
Grayling 20,332 27 47,581,557 37 66% 61,056 27 182,067,166 46 43%
Pink Salmon 8,282 11 44,367,880 34 158% 30,717 14 90,865,500 23 61%

Total 75,203 100 128,642,760 100 30% 225,457 100 393,926,172 100 17%

 
a � = 0.05 
b Angler hours. 
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Table 4.-Summary of estimated angler effort and harvest by component during the early 
run of Russian River sockeye salmon, 1996. 

Confluence River 95% Confidence
Component Area Area Total Interval

Efforta 180,115 45,342 225,457 186,556 - 264,358

SE 16,688 10,744 19,848

Harvest 57,688 17,515 75,203 52,973 - 97,433

SE 7,560 8,455 11,342

 
a Angler-hours. 
 

 

 

 

Table 5.-Estimated harvest per hour of angler effort (HPUE) by anglers interviewed 
during the early run of the Russian River sockeye salmon recreational fishery, 1996. 

Days Number of Variance
Area na Nb Interviewsc HPUE of HPUE

Confluence 32 40 5,744 0.320 0.0018

River 28 35 1,186 0.386 0.0348

Both 6,930 0.334 0.0025

 
a Number of days on which at least one angler reported fishing effort. 
b Number of days possible for conducting interviews. 
c Anglers who fished both areas are represented twice. 
 

 



 

16 

80%

20%

23%

77%

EARLY RUN

River Area
Confluence Area

EFFORT

HARVEST

 
Figure 4.-Harvest and angler effort by 

area for the Russian River early-run 
sockeye salmon recreational fishery, 1996. 

 

SPAWNING ESCAPEMENT 
A total of 52,905 early-run sockeye salmon 
passed through the weir (Figure 5 and 
Appendix A4).  Late-run sockeye salmon 
began arriving on 16 July and the last early-
run fish was passed on 25 July. 

BIOLOGICAL DATA 
Chi-square tests detected significant 
differences between all of the three spatial 
strata (confluence-area harvest, river-area 
harvest, and weir escapement) during at least 
one of the temporal strata (Table 6).  The age 
composition of the weir escapement differed 
from that of the confluence-area harvest and 
from the river-area harvest during both 
temporal strata (Table 6).  The age 
composition of the confluence-area harvest 

was significantly different from that of the 
river-area harvest during the first sampling 
strata but no significant differences were 
detected during the second temporal strata 
(Table 6). 

Chi-square tests also indicated that age 
composition was significantly different over 
time for all sampled locations (Table 7). 

Because the age composition of the weir 
escapement differed significantly over time, 
the estimate of the number of sockeye salmon 
by age in the weir escapement was stratified 
by temporal strata (Table 8).  In addition, 
because Chi-square tests indicated that the age 
composition of both harvest locations was 
significantly different over time, the estimates 
of the number of sockeye salmon from the 
river-area harvest as well as the confluence-
area harvest were stratified by temporal strata 
in order to generate an estimate of the number 
of sockeye salmon by age in the recreational 
harvest (Tables 9 and 10).  Estimates for each 
spatial/temporal strata were summed to 
estimate the age composition of the total 
return (Table 11). 

The early-run escapement comprised 
predominantly age groups 2.3, 2.2 and 1.3 
(Table 8).  A fourth age group, age 1.2, made 
up less than 1% of the escapement with the 
predominant age group (58%) being age 2.3.  
There was a significant difference (�2 = 26.58, 
df = 1, P = 0.0000003) in the relative propor-
tions of age-2.3 and -2.2 adults between the 
two temporal strata at the weir. 

The early-run recreational harvest from the 
samples obtained from the confluence area 
comprised primarily age-2.3 and 1.3 adults 
(48%) and (45%), respectively (Table 9).  The 
river-area harvest comprised predominantly 
age-2.3 adults (73%), with age-1.3 and age-
2.2 contributing similar proportions of 14% 
and 13%, respectively (Table 10). 
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Figure 5.-Daily escapement of sockeye salmon through 

the Russian River weir during the early run, 1996. 

 

 

Table 6.-Results of contingency test comparisons of age composition between spatial 
fishery components for the early-run Russian River sockeye salmon recreational fishery, 
1996. 

Spatial  Component
Confluence Harvest Confluence Harvest River Harvest

Temporal vs. vs. vs.
Stratuma River Harvest Weir Escapement Weir Escapement

df = 2, �2 = 60.90, P = 0.0000000 df = 2, �2 = 48.61, P = 0.0000000 df = 2, �2 = 10.34, P = 0.0057
1 Sb (P < 0.05) Sb (P < 0.05) Sb (P < 0.05)

df = 2, �2 = 5.27, P = 0.072 df = 2, �2 = 33.97, P = 0.0000000 df = 2, �2 = 24.36, P = 0.0000051
2 NSb (P > 0.05) Sb (P < 0.05) Sb (P < 0.05)

 
a 1 = 6/11-6/29. 
 2 = 6/30-7/20 (6/30-7/25 for weir escapement). 
b NS = No significant difference, S = significant difference. 
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Table 7.-Results of contingency test comparisons of age composition between temporal 
fishery components for the early-run Russian River sockeye salmon recreational fishery, 
1996. 

Temporal  Component

Spatial 11 June to 29 June vs. 30 June to 20 Julya

Component

Confluence Harvest df = 2, �2 = 42.18, P = 0.0000000

Significant,  P < 0.05

River Harvest df = 2, �2 = 9.83, P = 0.007

Significant,  P < 0.05

Weir Escapement df = 2, �2 = 26.50, P = 0.0000017

Significant,  P < 0.05

 
a 6/30-7/25 for weir escapement. 
 

There were significant differences in length-
at-age among areas for two of the three 
dominant age classes which were represented 
in the return:  age-2.3 fish (F = 6.03; df = 2, 
536; P = 0.003) and age-2.2 fish (F = 32.34; 
df = 2, 252; P = 0.0001).  In addition, there 
were significant differences in length-at-age 
detected between the sex of sampled age-2.3 
fish (F = 7.17; df = 1, 536; P = 0.007) (Table 
11) 

TOTAL RETURN STATISTICS 
Overall, an estimated 128,108 early-run 
sockeye salmon returned to the Russian River 
in 1996 (Table 12).  Brood years 1990 (age 
2.3) and 1991 (age 2.3 and 1.3) were both 
significant contributors to the early-run return.  
However, age-2.3 fish comprised the majority 
of the return (56%).  The brood year 1991 
contributed 44% to the early-run return, with 
the 1992 (age 1.2) brood year comprising just 
0.7% of the return.  The 1990 escapement of 
approximately 25,000 spawners produced 

approximately 95,000 returning adults (Table 
13). 

APPLICATION OF THE 
DATA FOR FISHERY 

MANAGEMENT 
Both the early and late sockeye salmon runs 
are managed for escapement.  Based on 
analyses of brood production data (Carlon and 
Vincent-Lang 1990), a sockeye salmon 
escapement goal of 16,000 was established by 
the Board of Fisheries during their 1989 
forum. 

On Friday, 14 June 1996, a total of 13,917 
sockeye salmon had migrated through the 
weir with an estimated 1,000 fish holding 
immediately downstream from the weir.  An 
additional 1,000 fish were estimated to be 
holding in the falls area of the river.  
Observations of the sport fishery in 
conjunction with harvest data indicated that 
the sport fishery was quite strong and was 
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evidencing signs of abundance.  However, it 
was determined that waiting a few more days 
through the weekend to observe how the 
fishery continued to develop, as well as 
tracking the weir escapements, was warranted. 

By Monday, 17 June weir escapements had 
reached 25,612 fish with a final escapement 
projection off the charts at 1,343,900 fish.  
With the escapement goal of 16,000 readily 
surpassed, the decision to open the sanctuary 
area at the confluence of the Kenai and 
Russian rivers was deemed appropriate and 
the fishery was liberalized by opening the 
sanctuary area to fishing on Monday, 17 June, 
at 12:00 p.m.  Anglers were therefore afforded 
increased fishing opportunity in 1996. 

DISCUSSION 
RELATIVE RUN STRENGTH 
The strength of the 1996 early run, as 
determined from total return estimates 
(harvest plus escapement), was well above the 
1976-1995 historical average (Figure 6).  The 
early-run sockeye return of 1996 is the second 
largest return since formalized record keeping 
began in 1963.  In addition, the run-timing of 
the 1996 early run was the earliest on record 
since run-timing statistics were developed for 
the sockeye salmon resource of the Russian 
River in 1978.  The early-run return of 1996 
generally maintains the trend, beginning in 
1978, of greater numbers of early-run sockeye 
salmon returning to the Russian River system. 

SAMPLE DESIGN 
Creel Survey 
An underlying assumption necessary for 
accurate harvest estimates is that most, if not 
all, anglers exit the fishery through one of the 
three sampled access locations.  While anglers 
were observed using other exit locations, the 
level at which this occurred during 1996 
appeared insignificant.  Creel survey person-
nel and the project leader continued to 
maintain an informal accounting of the use of 

the other access sites at least twice a day 
during transit between other sites and during a 
shift change. 

Observations of angler activity during the 
unsampled hours of 0000 to 0600 hours 
indicated that small numbers of fishermen 
were engaged in fishing at those hours during 
1996.  Once again, an informal accounting of 
the activity during these hours was 
accomplished through interviews with the 
angling public and frequent queries of the 
campground and ferry employees.  
Additionally, the project staff were instructed 
to maintain field notes in order to record the 
number of anglers observed fishing during 
non-surveyed hours.  Generally, such 
observations occurred just prior to beginning 
the early morning shift (0600 hours) or after 
the completion of the sampling day (2400 
hours).  Further observations were made when 
project staff conducted personal fishing trips 
during non-surveyed hours.  However, 
random observations of access locations 
during the nighttime period should be 
continued in the future.  This will provide for 
any additional information regarding possible 
changes in angler use patterns which might 
prove useful in further refining the survey. 
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Figure 6.-Historical returns of early-run 

sockeye salmon to the Russian River. 
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Age Composition 
The accurate assessment of the age 
composition of the sockeye salmon return is 
needed to establish accurate brood tables for 
the Russian River system.  The sampling of 
time and area strata adopted in 1990 was 
continued in 1996.  This increase in sampling 
intensity over prior years is an effort to 
achieve more accurate age composition 
estimates.  Significant temporal changes in 
age composition have been detected among 
spatial strata within temporal strata since 1990 
(Carlon et al. 1991, Marsh 1992-1996). 

Statistical comparisons of the early-run age 
composition of the harvests and the weir 
escapement revealed that differences 
continued to occur in 1996.  Therefore, it was 
not appropriate to use the age composition 
from one area to estimate the age composition 
of the total return.  The age composition of 
the return was estimated separately for the 
recreational harvest and the weir escapement. 

Because changes in the age composition of 
the early run were detected between areas in 
1996, sampling of the individual spatial strata 
should continue at the present sampling 
intensity.  This will improve both the 
estimates of the number of sockeye salmon 
returning by age and sex as well as 
evaluations of those differences over time.  
The end result will be improved accuracy of 
brood production information necessary for 
the long-term management of the Russian 
River system. 

MANAGEMENT OF THE FISHERY 
The utilization of migratory timing statistics 
derived from weir counts and fishery harvest 
rates should be continued (Vincent-Lang and 
Carlon 1991).  The technique of fitting a 
migratory timing distribution function to 
count and harvest rate data has been used 
successfully in the Kenai River to project 
escapements of chinook salmon (McBride et 
al. 1989) and was adapted from techniques 

used to quantify migratory timing of chinook 
salmon in the Yukon River drainage (Mundy 
1982).  It is recommended that this technique 
should again be utilized in 1997 and 
subsequent years to further evaluate its value 
in managing the Russian River sockeye 
salmon resource. 
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APPENDIX A.  SELECTED SUMMARIES OF FISHERY AND 
ESCAPEMENT DATA FROM THE RUSSIAN RIVER, 1996. 

 

 







 

 

Appendix A3.-Temporal harvest and effort estimates for the 1996 early-run Russian River sockeye salmon 
recreational fishery by area and access location. 

Location Temporal Estimated Total
Exited Period Da db Mean Variance Effort Variance Days % Periods % Anglers %

River Effort:

Ferry 6/11-6/29 19 10 230 65,063 4,361 1,550,118 1,112,571 72 437,251 28 296 0
Grayling 6/11-6/29 19 4 684 511,388 12,988 37,969,590 36,436,423 96 1,532,554 4 613 0

Pink Salmon 6/11-6/29 19 3 818 691,831 15,551 70,479,449 70,105,521 99 372,791 1 1,137 0

Total 6/11-6/29 32,900 109,999,157

Ferry 6/30-7/20 21 12 47 5,787 982 200,041 91,148 46 108,774 54 118 0
Grayling 6/30-7/20 21 7 407 59,048 8,537 4,082,544 2,480,000 61 1,602,373 39 171 0

Pink Salmon 6/30-7/20 21 5 139 16,527 2,923 1,160,249 1,110,623 96 49,471 4 154 0

Total 6/30-7/20 12,442 5,442,834

Total River Effort 45,342 115,441,991

Confluence Effort:

Ferry 6/11-6/29 19 10 5,480 4,337,354 104,113 109,016,190 74,168,759 68 34,838,414 32 9,016 0
Grayling 6/11-6/29 19 4 1,386 1,846,993 26,328 132,673,415 131,598,273 99 1,072,881 1 2,261 0

Pink Salmon 6/11-6/29 19 3 472 175,161 8,975 17,843,713 17,749,697 99 93,010 1 1,007 0

Total 6/11-6/29 139,416 259,533,318

Ferry 6/30-7/20 21 12 1,154 530,258 24,228 10,227,157 8,351,569 82 1,873,902 18 1,687 0
Grayling 6/30-7/20 21 7 629 154,409 13,203 7,341,617 6,485,182 88 856,285 12 150 0

Pink Salmon 6/30-7/20 21 5 156 18,286 3,268 1,382,089 1,228,845 89 153,018 11 225 0

Total 6/30-7/20 40,699 18,950,863

Total Confluence Effort 180,115 278,484,181

Total Effort 225,457 393,926,172
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Appendix A4.-Daily escapement of early- and late-run sockeye and chinook 
salmon through the Russian River weir, 7 June to 25 July 1996. 

Early Run Late Run
Date Sockeyea Sockeye Chinook
6/7 4
6/8 14
6/9 945
6/10 777
6/11 3,616
6/12 2,674
6/13 2,460
6/14 3,427
6/15 4,050
6/16 4,248
6/17 3,397
6/18 2,689
6/19 132
6/20 2,105
6/21 5,835
6/22 300
6/23 212
6/24 1,198
6/25 5,315
6/26 2,259
6/27 1,149
6/28 932
6/29 1,139
6/30 13
7/1 208
7/2 821
7/3 303
7/4 100
7/5 296
7/6 224
7/7 297
7/8 521
7/9 252
7/10 17
7/11 268
7/12 9
7/13 35
7/14 14
7/15 19
7/16 208 13 1
7/17 245 12
7/18 45 7
7/19 6 2
7/20 3 0
7/21 0 0
7/22 15 20
7/23 21 16
7/24 64 1,602
7/25 24 254

Total 52,905
 

a From 7/16 through 7/25, early-run fish were differentiated from late-run fish based on degree of 
external maturation, i.e., body coloration and kype development.  There was a 10-day overlap 
between early-run and late-run fish.  The total late-run sockeye salmon escapement is tabulated 
in the Fishery Data Series report for the 1996 late run to the Russian River (Marsh In prep). 

b Total estimated chinook escapement is tabulated in the Fishery Data Series report for the 1996 
late run to the Russian River (Marsh In prep). 
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